Species of the Tetranychus genus feed on plant tissues, which reduces the rate of photosynthesis and can lead to the death of plant tissues. As a result, considerable production losses are caused by these arthropods. Thus, in order to aid in the development of new products for the control of Tetranychus tumidus Banks and Tetranychus urticae Koch (Acari: Tetranychidae), the initial objective of this study was to select Annonaceae derived fractions that were soluble in dichloromethane and have acaricidal activity. Then, an exploratory analysis of the metabolite profile of the most successful fraction was performed by gas chromatography-mass spectrometry (GC-MS). Among the dichloromethane soluble fractions derived from Annona cacans Warm., Annona coriacea Mart., Annona neolaurifolia H. Rainer, Annona sylvatica A.St.-Hil., Duguetia lanceolata A.St.-Hil., Guatteria australis A.St.-Hil., Xylopia brasiliensis Spreng., Xylopia emarginata Mart. and Xylopia sericea A.St.-Hil., only the fraction from D. lanceolata stem bark reduced the survival of T. tumidus females. However, ovicidal activity was not detected when D. lanceolata stem bark was evaluated against T. tumidus eggs. Further, we studied the effect of dichloromethane soluble fractions from D. lanceolata leaves, berry fruits and stem bark on T. urticae, and the stem bark was found to be the most active fraction against T. urticae. The metabolite profile analysis of D. lanceolata stem bark by GC-MS, suggested that the main constituents were 2,4,5-trimethoxystyrene and trans-asarone. Key words: Botanic acaricide, secondary metabolites, 1,2,4-trimethoxy-5-vinylbenzene, 1,2,4-trimethoxy-5-[(1E)-1-propen-1-yl]benzene
Introduction
The Tetranychidae family includes the main group of phytophagous mites. Several species of this family are pests in many cropping systems (MARCIC, 2012) . Among the species of phytophagous mites that cause agricultural losses, Tetranychus tumidus Banks (Acari: Tetranychidae) is the key pest in plantain (Musa spp.) nurseries in Cuba, whereas Tetranychus urticae Koch (Acari: Tetranychidae) is an important pest of many horticultural crops in both Brazil and Cuba. Synthetic acaricides have been used as the main mite control strategy. However, the indiscriminate use of these pesticides, coupled with the high reproductive potential and short life cycle of the mites, has led to the development of resistant populations in different places (SATO et al., 2005; LEEUWEN et al., 2010; SOKOLYANSKAYA, 2010) .
In this context, the use of derivatives from plant metabolism to control mites has been the subject of an increasing number of studies (YANAR et al., 2011; ERDOGAN et al., 2012; VERONEZ et al., 2012) . Acaricidal activity was previously reported in an extract of the roots of Phytolacca americana L. (Phytolaccaceae) . Similarly, leaf extracts from Anisosciadium orientale DC. It has been shown that plant metabolites can have repellent effects, contact toxicity, inhibit enzymatic processes, and change reproductive variables, which kill or reduce the reproductive performance of mites (LÜMMEN, 1998; LABORDA et al., 2013; . Numerous plant families are known to produce metabolites that are toxic to these phytophagous mites, among which, the Annonaceae family deserves special attention, because there have been many intensive studies that have evaluated this family's use as a pesticide producers (MCLAUGHLIN, 2008; GUPTA et al., 2011; MADHUMITHA et al., 2012) . This study aimed to evaluate the bioactivity of dichloromethane soluble fractions from methanol extracts of plants from the Annonaceae family, originating from the Alto do Rio Grande region in Minas Gerais, Brazil, against a Cuban population of T. tumidus. Duguetia lanceolata fractions, the most active plant fractions against T. tumidus, were tested to see if they could control T. urticae. We also analyzed the metabolic profile of D. lanceolata by gas chromatographymass spectrometry (GC-MS).
Materials and Methods

Collection and processing of plant materials
The botanical materials used to perform the bioassays were collected from the Alto Rio Grande region-Lavras/Minas Gerais, between March and April 2011. Samples of the materials were also used for making voucher specimens, which were deposited in the ESAL (Escola Superior de Agricultura de Lavras) herbarium (Table 1) . The leaves, stem bark, and berry fruits were initially dried in an oven with forced ventilation at 40°C for 48, 72, or 96 h. Then the samples were ground in a Willey mill, which produced the ground materials that were used in the preparation of the extracts and fractions. 
Preparation of plant extracts and liquid-liquid partitioning
The dried and ground plant material (50 g) was immersed in methanol (300 mL) for 24 h. Then the mixtures were filtered through hydrophilic cotton and 200 mL methanol was added to the residue. The extraction procedure was repeated eight times. The liquid phases were combined and the solvent removed in a rotary evaporator, which resulted in the dried methanolic plant extracts. The methanolic plant extracts (5 g) were suspended in water (20 mL) so that they could be liquid-liquid partitioned with dichloromethane (3 × 20 mL). The watersoluble phase was discarded in each extract, and the phases that were soluble in dichloromethane were combined, resulting in a solution that was then treated with anhydrous Na 2 SO 4 to remove any humidity. The mixture was filtered through cotton, and concentrated and dried in a rotary evaporator. The final residue was lyophilized to produce the final dichloromethane soluble fraction (ÁLVAREZ-COLOM et al., 2007 , 2008 ). The different fractions were transported from Brazil to Cuba, which required a Plant Import Permit. This was issued by IBAMA-Instituto Brasileiro de Meio Ambiente (license number: 12BR008914/DF).
Rearing and maintenance of the mites
The mites used in the bioassays were obtained from the Acarology Laboratory at CENSA (Centro Nacional de Sanidad Agropecuaria, San José de las Lajas, Cuba), where specimens of T. tumidus were maintained on plantain leaves (Musa sp. var. Ciento en boca). The T. urticae were maintained on citrus leaves (Citrus latifolia). Adult females, aged between 48 and 72 h, were used to conduct the bioassays.
Effects of dichloromethane soluble fractions on T. tumidus adult females
The dichloromethane soluble fractions were obtained from methanolic extracts derived from the leaves of Annona cacans Warm., Annona coriacea A microimmersion bioassay, adapted from Dennehy et al. (1993) , was used for the topical application of dichloromethane soluble fractions to T. tumidus females. Plastic pipette tips (200 µL) were cut in half and reconnected, so that a piece of organza fabric could be inserted to separate the internal space of the tip into two parts. A hose was attached to the thicker end of the tip, and at least 25 adult females were suctioned up. Then, the tip was connected to a micropipette and 100 µL of the fraction solution in DMSO and Tween 80 were sucked onto the tip. The mites remained immersed for 30 s and afterward were transferred to filter paper (2 cm × 2 cm) to remove the treatments that had previously been in contact with the mites. Then, the mites were transferred to pieces of plantain leaves (approximately 5 cm × 3 cm) that were surrounded by cotton moistened with water. These inoculated leaves were then placed inside a Petri dish, which corresponds to an experimental plot. ); soluble fraction from D. lanceolata stem bark (10 mg mL -1 ), and dicofol (0.01 v v -1 ) (Dicofol 18,5 CE). Plantain leaf pieces (3.0 × 3.0 cm), with the edges wrapped in cotton moistened with distilled water, were placed in Petri dishes. A total of 100 females, aged between 24 and 48 h, were transferred to each piece of leaf. They were kept there for 24 h so that they could lay eggs. The females were then removed and the eggs were counted. Excess eggs were removed with a paintbrush, which left approximately 50 eggs on each piece of leaf. The leaf pieces containing the eggs were immersed in 4 mL of each treatment for 30 seconds. Then the leaves were maintained for approximately 2 h at room conditions to allow them to dry out and then were arranged in Petri dishes (one piece of leaf per dish). The nymphs were counted after six days of treatment.
The experimental design was completely randomized and each experimental plot corresponded to a Petri dish with a piece of leaf containing about 50 eggs. Four replications were used per treatment, and the experiment was repeated twice.
Effect of the D. lanceolata stem bark fraction on T. urticae adult females
This bioassay used T. urticae females that had been kept in the laboratory. The method used was the adapted microimmersion bioassay, described above. The treatments were the fractions from the leaves, stem barks and berry fruits of D. lanceolata (10 mg mL ) (Dicofol 18,5 CE). The experimental plot was a Petri dish containing a piece of citrus leaf and 25 females. The experimental design was completely randomized, and the evaluations were performed 24, 48, and 72 h after the experiment had begun by counting the number of live and dead mites. The experiment was repeated twice. In the first experiment, five replicates were used, whereas the second experiment only contained four replicates per treatment.
Analysis by GC-MS
The GC-MS analyses were performed on a gas chromatograph coupled to a mass spectrometer (Shimadzu GCMS-QP2010 Plus), equipped with an AOC-10 automatic injection system. Analyses were conducted using an Rxi-1 capillary column (30 m × 0.25 mm), coated with 100% polydimethylsiloxane. The thickness of the film was 0.25 μm, and helium was used as the carrier gas (flow rate of 7.2 mL·min -1 ). The injector temperature was 250°C, while the column temperature ranged from 150°C to 280°C at a rate of 3°C·min -1 . The injection volume was 1 μL in split mode at a rate of 10:1. MS analysis was performed using a quadrupole system (QP2010plus) with electron impact ionization at 70 eV under the same conditions as described above. The structures of the major compounds were suggested by comparing them to the structures found in the NIST 08 mass spectra libraries and in the literature.
Statistical analysis
In order to verify that the data was normal, the collected data were subjected to the ShapiroWilk test, using the mvnormtest package (JAREK, 2009). Analysis of variance was undertaken, and the means were compared by the Scott-Knott test, using the Laércio statistical package (SILVA, 2010) . For the experiments that were repeated, joint analysis of data was conducted and the Bartlett test was used to verify the homogeneity of variances (R DEVELOPMENT CORE TEAM, 2013). R software, version 3.01 (R DEVELOPMENT CORE TEAM, 2013) was used to perform the analyses.
Results and Discussion
Effects of dichloromethane soluble fractions on T. tumidus adult females
Only the dichloromethane soluble fraction of D. lanceolata stem bark reduced the survival of T. tumidus females after 24 h of immersion. In the evaluations performed after 48 h and 72 h, it was observed that the fractions originating from the D. lanceolata stem bark and X. sericea berry fruits resulted in a lower average T. tumidus survival, when compared to the negative controls (F = 123.34; df = 17; p ≤ 0.01) ( Table 2 ).
The D. lanceolata stem bark fraction was the most active against T. tumidus females. However, the fractions from leaves and fruit extracts were not bioactive. This result was possibly due to differences in intra-plant metabolite allocations (SOMKUWAR; KAMBLE, 2013; UDDIN et al., 2013) . The stem bark results are the first report of acaricidal activity by D. lanceolata extracts. Although studies using Duguetia spp. are scarce, it is noteworthy that the Duguetia furfuracea (St. Hil) Bent. extract was not active against Rhipicephalus microplus Canestrini (Acari: Ixodidae) (VALENTE et al., 2014) . This study seems to confirm the results from previous phytochemical studies with D. lanceolata, which also detected chemical groups that possessed acaricidal activity (NEVES; DA CAMARA, 2011), such as isoquinoline alkaloids (FISCHER et al., 2004; TEMPONE et al., 2005) and sesquiterpenes (SOUSA et al., 2012) .
Previous studies have suggested that Annona spp. has acaricidal activity against Tetranychus spp. (POTENZA et al., 2006; LIN et al., 2009 ), which in part may be due to the production of acetogenins by this species, which are known to have acaricidal activity (LÜMMEN, 1998) . Although there are no previous reports of A. cacans acaricide activity against Tetranychus spp., alkaloids have been isolated from this plant, such as liriodenine (SAITO; ALVARENGA, 1994), for which an acaricidal activity against Dermatophagoides pteronyssinus (Trouessart) (Acari: Pyroglyphidae) has already been reported (AKENDENGUE et al., 2003) . However, in this study, the Annona genus species were not active against T. tumidus. Similarly, no previous reports of acaricidal activity were found for A. coriacea, A. neolaurifolia, and A. sylvatica, despite reports in the literature on the extraction of substances from these plants that may have potential uses as pesticides. For example, acetogenin and gigantetronenin were isolated from A. coriacea roots (SILVA et al., 1996) , and these compounds inhibit the mitochondrial complex I (ÁLVAREZ-COLOM et al., 2009). The soluble methanol and hexane extracts from A. coriacea seeds are also known to have high insecticidal activities (COSTA et al., 2013) . The differences between the results obtained in this study and those reported in the literature may be due to the use of different methodologies to obtain the metabolites.
No previous reports on acaricide activity were found for A. neolaurifolia and A. sylvatica. However, phytochemical studies have indicated that these species produce substances that may have pesticidal activity (NASCIMENTO et al., 2003; PIMENTA et al., 2005; FORMAGIO et al., 2013) . Acetylcholinesterase inhibitory activity has been reported for the alcoholic extract from the branches of G. australis, while the same bioactivity was not observed for the leaf extract (CARDOSO-LOPES et al., 2008) . This last result is consistent with the inactivity of the G. australis leaf fraction observed in the present study.
For the species from the Xylopia genus, just a fraction from X. sericea fruit caused a reduction in T. tumidus. Previous studies on the essential oils from leaves and fruits of this plant have demonstrated that they have an acaricidal effect on T. urticae (PONTES et al., 2007) . No previous reports of acaricide activity were found for X. brasiliensis and X. emarginata. However, phytochemical studies have indicated that metabolites from these plants may have toxic effects on herbivores (LAGO et al., , 2005 MOREIRA et al., 2013) .
Effect of the dichloromethane soluble fraction from D. lanceolata stem bark on T. tumidus eggs
There was no reduction in the number of hatched nymphs, compared to the negative controls (F = 17.14; df = 3; p ≤ 0.01), when T. tumidus eggs were treated with the D. lanceolata stem bark fraction (Table 3 ). This may be because the egg stage is the most resistant to adverse environmental conditions in many groups of arthropods. Therefore, natural plant products are generally more toxic to larval and adult stages of Tetranychus spp. (CHANDRASHEKHARAIAH et al., 2011; ERDOGAN et al., 2012) . 
Effect of the D. lanceolata stem bark fraction on T. urticae adult females
The D. lanceolata stem bark fraction was most active against T. tumidus, so the fractions from the plant tissues of this plant were selected for the T. urticae bioassay. It was found that the leaf, berry fruit, and stem bark fractions reduced T. urticae survival (F = 648.78; df = 5; p ≤ 0.01). Survival was not affected over the period of exposure to treatments (F = 1.256; df = 2; p = 0.28). However, the best results were found when the D. lanceolata stem bark fraction was applied which, 72 h after the start of the bioassay, caused 95.5% mortality, a value statistically equal to that observed for the positive control, dicofol (Table 4 ). The D. lanceolata stem bark fraction was more active against T. urticae than T. tumidus, which must be a result of speciesspecific variations. It is relatively common that related species of arthropods have different abilities and mechanisms for detoxifying toxic metabolites (KIM et al., 2003; SONG et al., 2011) . 
Analysis by GC-MS
The constituent analysis of the D. lanceolata stem bark fraction revealed the presence of two major constituents. The first peak showed a retention time (RT) of 4.28 min, and the highest mass/charge value (m/z) was equal to 194 u, which possibly corresponded to the molecular ion peak [M] +.
. Studies previously performed by our research group (ALVES, 2014) , and comparison with the literature data ( Table 5 ), suggested that this substance was 2,4,5-trimethoxystyrene (RT = 4.28 min) (Figure 1 ). The other substance had a RT equal to 5.74 minutes, and the highest m/z value was 209, which probably corresponded to [M] + . A comparison of its mass spectra with mass spectra in the NIST library 08 suggested that this compound was the phenylpropanoid compound, trans-asarone (Figure 1) , with similarity rates equal to 96%. This result was corroborated by comparison of the mass spectra obtained in this study with those described in the literature for this substance (Table 5) . Table 5 . Mass/charge (m/z) ratio for the peaks observed in the mass spectra of the major compounds (2,4,5-trimethoxystyrene and trans-asarone) in the chromatogram of the Duguetia lanceolata stem bark fraction. The analyses were performed by mass spectrometry coupled to gas chromatography.
2,4,5-trimethoxystyrene trans-asarone m/z Trans-asarone and 2,4,5-trimethoxystyrene are relatively common metabolites in the Annonaceae family (WANG et al., 1988; NGADJUI et al., 1989; SILVA et al., 2007; YAPI et al., 2012) . It is noteworthy that trans-asarone was recently identified as a component of an essential oil extracted from D. lanceolata branches (SOUSA et al., 2012) .
Moreover, the abundance of 2,4,5-trimethoxystyrene and trans-asarone in the D. lanceolata stem bark, as shown by the GC-MS analysis (Figure 1 ), is consistent with the high activity against T. urticae, since both molecules are known to have insecticidal activity (KOONA; BOUDA, 2006; BHARDWAJ et al., 2010) . It is noteworthy that the acaricidal activity of these molecules is supported by the fact that other molecules, also belonging to the phenylpropanoids chemical class, have also been reported to have acaricidal activity. In particular, the phenylpropanoid, eugenol, is known to have activity against T. urticae, and some researchers have attributed its mechanism of action and toxicity to fumigant contact (HAN et al., 2011; . Figure 1 . Chromatogram of the dichloromethane soluble fraction from the methanolic extract of Duguetia lanceolata stem barks, which was obtained by gas chromatography coupled to mass spectrometry. The main substances, identified as 2,4,5-trimethoxystyrene (1) and trans-asarone (2), were ionized by electron impact at 70 eV.
Conclusions
The fraction from D. lanceolata stem barks reduced T. tumidus and T. urticae survival. The highest mortality rate was observed for T. urticae. According to the GC-MS analysis, the major constituents of the dichloromethane soluble fraction in the extract from D. lanceolata were 2,4,5-trimethoxystyrene and trans-asarone, of which there are no previous reports regarding their pesticide activity. Therefore, the results of this study show that D. lanceolata stem bark could potentially be used to develop new products for the control of T. urticae and T. tumidus. cooperation project: CAPES BRASIL/MES CUBA, for their assistance.
